The effect of food supply on longevity and fecundity of the adult cigarette beetle, Lasioderma serricorne F., was tested under the dark conditions of 30°C and 70% RH. When both males and females were provided with either pollen or water, their mean longevities were almost the same as those of control males and females without a supply of food. On the other hand, if males and females were supplied with both pollen and water simultaneously, their mean longevities were extended about twice as long as those of controls. Both mean oviposition period and mean number of eggs deposited also increased. Females that started feeding on pollen and water before the 7th day after emergence laid nearly equal number of eggs as females feeding throughout their life. When females started feeding on the 9th day, their fecundity increased and oviposition period was prolonged. When mated females were supplied with food together with an oviposition site from just after emergence, their maximum longevity was about 50 d. On the other hand, mated females supplied food without an oviposition site showed a maximum longevity of 80 d. These results suggest that cigarette beetles emigrate from a dry food factory and storage to the field, and feed in the field.
INTRODUCTION
The cigarette beetle, Lasioderma serricorne F., is a cosmopolitan species and one of the most harmful insects for stored products in dry food factories and dry food storage. Its detailed biology in these places, however, has not been elucidated. Ustinov (1932) reported that many dead adult cigarette beetles were observed around the inside of the windows in factories and storage places. We have also observed a similar phenomenon. The ecological meaning of this in the life history of the beetle, however, has not been evaluated. In factories and storage areas, there are usually enough food resources for the cigarette beetle to maintain its population. This fact suggests that dispersal from the food resources to the windows seems to have no meaning for population maintenance in those places. Similar dispersal behavior was observed in the azuki bean weevil, Callosobruchus chinensis L., and was elucidated by that the azuki bean weevils disperse from the stored azuki beans to the field to feed on pollen and fungi together with water Yoshida, 1984, 1990; Yoshida et al., 1986) . Therefore, we also assumed that the adult cigarette beetles emigrate from dried food factories or storage to the field to feed on certain foods which differ from those utilized by larvae. Feeding of adult cigarette beetles has not yet been observed in the field. However, many facts of adult feeding and flower-visiting of some stored product insects, the rice weevil, Sitophilus oryzae L. (Yoshida and Takuma, 1959) , the varied carpet beetle, Anthrenus verbasci L. (Nakamura et al., 1976) and the azuki bean weevil, C. chinensis L. (Umeya, 1981; Shinoda and Yoshida, 1990) have been observed in the field. Therefore, there is a possibility that adult cigarette beetles feed on pollen in the field.
In this study, we tested the effect of food supply on longevity and fecundity, pollen as food and/or water was supplied to adult cigarette beetles. Furthermore, we evaluated the effect of a period of food deprivation after emergence on fecundity, because adult cigarette beetles dispersing from factories or storage to the field might starve for some time before they find food in the field. In addition to the above experiment, we tested the effect of adult feeding on longevity, without an oviposition site, because the adults are unlikely to find oviposition sites when they feed in the field.
MATERIALS AND METHODS
The cigarette beetles were obtained from a population maintained in the Central Research Laboratory of Japan Tobacco Inc. The beetles within 48 h of emergence were allowed to oviposit for 48 h on flour placed in a plastic container (9.5 cm inside diameter, 5.5 cm in depth). After removing the adults, we obtained the eggs by sifting the flour with a 60-mesh sieve. Then, 8 eggs per 1 g of flour were introduced into another plastic container together with 100 g of flour containing 5% dried yeast. Under such a density, the larvae developed without overcrowding effect. They were kept under dark conditions of 30°C and 70% RH. All stock cultures were maintained under the same conditions. All adult beetles used in the present study were obtained from the stock cultures.
Effect of food supply on adult longevity and fecundity was investigated. One gram of flour as an oviposition site was placed in a plastic container (9.5 cm inside diameter, 5.5 cm in depth). Then, 0.5 g of pollen as food and 3 ml of water were placed on the flour in a Petri dish and in a glass vial, respectively (Fig. 1) . The pollen was a mixture of pollen from various species of flowers and was obtained from a natural food store (Natural food: Pollen, Mika Ltd.). The Petri dish was used to avoid the contamination of the pollen with flour. Water oozed from a cotton wick placed in a hole in the center of the plug of a glass vial. This was the same method as that used by Shinoda and Yoshida (1984) to supply water to the azuki bean weevil.
One adult male and female pair within 24 h of emergence was introduced into each plastic container. Every day, living adults were removed to another plastic container with new flour, pollen and water. When dead adults were observed, the number, their ages and sexes were recorded. Eggs were sifted from the old flour after living adults had been removed, and the number of eggs was counted. The same procedure was repeated until all adults died.
The effect of water or pollen on longevity and fecundity was investigated in the same way as described above but without supplying pollen or water as a control. The foregoing experiments were replicated 20 times each.
The effect of a period of food deprivation after emergency on fecundity was tested in the following way. An adult male and female pair less than 24 h after emergence was placed in a plastic container together with 1 g of flour as an oviposition site. They were deprived of pollen and water for 3, 5, 7, 9 or 11 d after emergence, and thereafter the pollen and water were supplied in the same way as described above. As a control, females were deprived of pollen and water throughout their life. To evaluate the effect of adult feeding without an oviposition site on longevity, we introduced an adult male and female pair just after emergence into a plastic container together with pollen and water in the same way. The number of eggs laid and/or dead adults were counted every 24 h until all adults had died. Pollen and water were renewed every day. Each treatment was replicated 20 times.
RESULTS
Effects of feeding on longevity and fecundity are presented in Fig. 2 . Adult mean longevity, mean oviposition period and mean number of eggs de-220 K. Shinoda and K. Fujisaki posited are summarized in Table 1 .
The female survival rate did not decrease until 10 d after emergence irrespective of the experimental conditions, but thereafter decreased rapidly in the control. This was also the case with females supplied with pollen or water. On the other hand, when both pollen and water were supplied at the same time, the female survival rate remained high and a few individuals longevity was markedly prolonged until 48 d after emergence. This was also the case with males. The mean longevity was significantly longer in males and females which were supplied with both pollen and water at the same time than in those supplied with pollen, water or neither of them (Table 1) . Under the same experimental conditions, there were no significant differences in longevity between males and females (Table 1) .
Under all experimental conditions, females started to lay eggs on the 3rd day after emergence and their fecundity reached a peak on the 4th or 5th day. Thereafter, the fecundity of females supplied with pollen, water or neither of them decreased rapidly. However, when females were supplied with pollen and water at the same time, they continued to oviposit until the 28th day after emergence. The oviposition period of females with both pollen and water was much longer than that of females supplied with pollen, water or neither of them (Table  1 ). The total number of eggs from each treatment also reflected the same differences. Figure 3 shows the effect of a starvation period after emergence on fecundity. As a control, fecundity of females without a food supply, which is shown in Fig. 2 (control) , is also presented in Fig. 3 . The fecundity of the control females reached a peak on the 5th day after emergence and decreased rapidly by the 8th day. On the other hand, when females were fed on both pollen and water from the 3rd, 5th and 7th day after emergence, their fecundity reached a peak on the 5th day and thereafter decreased gradually until the 13th or 14th day. Their oviposition periods were shorter than those of females feeding just after emergence (Fig. 2) . However, the females, which started feeding during the 3rd and 7th day, laid a similar number of eggs to that of females feeding just after emergence (Fig. 2, pollen and water) . The fecundity of females that started feeding on the 9th day after emergence showed a similar trend to that of the control females from emergence to the 9th day. Females which started to feed on the 9th day laid few eggs on the 9th day. However, they resumed egg laying on the 10th day, and continued to lay eggs until the 13th day. They laid more eggs than control females, but fewer than females that started feeding just after emergence. When the food supply was started on the 11th day, none of the females except for one laid eggs again after feeding. This female laid only a few eggs. Its fecundity was much less than that of females which started their feeding on the 9th day. Figure 4 shows the effect of adult feeding on the longevity of males and females without an oviposition site. The data source of males and females with an oviposition site were the same as those presented in Fig. 2 . Furthermore, their mean longevities are summarized in Table 2 . Females without an oviposition site laid no eggs throughout their life. Maximum longevity was 80 d in females without an oviposition site, and 48 d in females with an oviposition site. Mean longevity of females without an oviposition site was about 10 d longer than that of females with an oviposition site ( Table 2) . On the other hand, maximum longevity of males without an oviposition site was almost the same as that with an oviposition site. There was no significant difference between mean male longevity without an oviposition site and that with an oviposition site.
DISCUSSION
The longevity of adult cigarette beetles was extended and their fecundity increased, only when 222 K. Shinoda and K. Fujisaki Fig. 4 . Effect of adult feeding on longevity of cigarette beetles without an oviposition site and those with an oviposition site. they were fed on both pollen and water at the same time. Supply of food until the 9th day after emergence extended the longevity and recovered the fecundity of cigarette beetles. Similar results were reported on the azuki bean weevil by Shinoda and Yoshida (1990) . As they showed in the case of the azuki bean weevil, water is likely essential for the cigarette beetle to hydrate the pollen it consumes.
Adult cigarette beetles emigrating from dry food factories or dry food storage to the field are likely to feed on pollen and water in the field, because pollen exists from spring to autumn in Japan. Therefore, they can extend their longevity and recover their fecundity in the field. This, however, does not necessarily mean that their life cycle involves return-migration from the field to factories or storage, which has not yet been revealed. The azuki bean weevil was considered to have a similar life cycle; it was believed that the azuki bean weevil migrated from bean storage to bean fields and returned from the fields to storage with the azuki bean harvest (Cyujyou, 1937; Kiritani and Matsuzawa, 1956; Umeya and Shimizu, 1968) . However, Shinoda et al. (1991 Shinoda et al. ( , 1992b revealed that the azuki bean weevil completes its life cycle in the field, although some azuki bean weevils migrate from bean storage to the field. This suggests that the cigarette beetle also has field populations independent of the migration between the field and storage. Cigarette beetles were found in patchily distributed bird's nests (Kiritani, 1961; Shinoda et al., 1992a) indicating the existence of field populations of the cigarette beetles. During dispersal from one nest to another, feeding on pollen and water without an oviposition site allows the beetle to lengthen its longevity and oviposition period and to increase the probability of successful dispersal in the field.
The cigarette beetle disperses by flight in the field. This indicates that further experiments on the effect of feeding on their flight activity are necessary to clarify the dispersal strategy of the cigarette beetle. In addition, the effect of light and other factors (e.g. larval developmental conditions) on flight activity should be studied.
